Objective: The aim of the present work was to calculate the current cost of the Mediterranean diet in Greece and to evaluate the role of diet cost in the development of cardiovascular events after a 5-year follow-up. Design: Cross-sectional. Cost of diet was measured in h/week based on common Greek dietary choices, while baseline dietary habits were assessed through a semiquantitative FFQ (Greek-EPIC). The Mediterranean Diet Score (MedDietScore) was applied to assess overall adherence to this pattern using scores of eleven food variables and alcohol, according to the principles of the Mediterranean diet. Setting: Five-year follow-up of the ATTICA study, a nutrition and health survey of a representative, free-living sample of the Greek population resident in the province of Attica, where Athens is a major metropolis. 
It is well documented in the literature that health is influenced by socio-economic status (SES) and that differences in socio-economic indicators underlie many health disparities. The various socio-economic indicators are generally related to chronic diseases, with socio-economically disadvantaged groups experiencing higher mortality and morbidity rates for CHD, non-insulin-dependent diabetes mellitus, stroke, some cancers, obesity and other diseases (1) (2) (3) (4) . Socio-economic indicators also illustrate strong associations with main determinants of health, such as quality of the environment and health-related attitudes, including smoking, physical inactivity and dietary habits (5, 6) . Many studies have reported healthier dietary patterns among subjects with higher SES, especially in developed countries. Thus, people with greater affluence than others exhibit a higher consumption of vegetables, fruit and fibre products and a lower consumption of fatty meats and added fats (7) (8) (9) . In general, the causal mechanisms which probably explain the inverse relationship between SES and either diet or health are difficult to investigate because of the complex nature of the possible related factors. Among these factors is diet cost, which is generally considered a determinant of food choice that is closely related to SES (9) . Diet cost is usually expressed as either the total cost per unit of energy (e.g. h/$ per 1000 kcal or h/$ per MJ) or the cost of purchasing the diet (h/$ per d/week/month) (10) . Many studies have shown that people follow unhealthy food patterns due to the high diet cost of healthier food choices (11, 12) . Although true in many cases, it should be taken into account that the majority of people tend to choose food based on palatability as well (13) and thus cost may have a secondary role in the final decision of the consumer. In any case, diet cost seems to play an important role in health status and so it is unfortunate that there are very few studies in the literature that have investigated the role of diet cost in relation to disease outcomes (10) . The Mediterranean diet has been widely reported as a lifestyle option found to be protective for health and quality of life (14, 15) . The main characteristics of the Mediterranean diet is that it is based on the consumption of foods of nonanimal origin such as pasta, rice, pulses and fresh vegetables (including wild greens), with extended everyday use of olive oil as the main source of total fat intake as well as moderate consumption of red wine (14) (15) (16) (17) . Many studies have highlighted the numerous health benefits of the Mediterranean diet, including inverse relationships with CVD (18, 19) and metabolic syndrome (20, 21) . However, as the specific role of diet cost in the development of disease has rarely been evaluated, the aim of the present work was to estimate the current cost of the Mediterranean diet and to explore the relationship of diet cost and 5-year incidence of CVD in a Greek population.
Methods

Study design and participants
The ATTICA study started as a nutrition and health survey of the Greek population (during 2001-2002) , and the first follow-up was performed in 2006. The sampling was carried out in the region of Attica, of which Athens is the major metropolis, which includes 78 % urban and 22 % rural areas. The procedure anticipated enrolling only one participant per household; it was random, multistage and based on the age (five age groups) and gender (males, females) distribution of the Attica region (twenty-seven stages were used according to the census of 2001). People with any clinical evidence of CVD or living in institutions were excluded from the sampling procedure. During the enrolment period, 4056 inhabitants from the above area responded to a call from the study's research group; of them, 117 were excluded because of history of CVD and another 897 finally declined to participate. Thus, 3042 were enrolled in the study (75 % participation rate); 1514 of the participants were men and 1528 were women. All participants were interviewed by trained personnel (22) .
Bioethics
The study was approved by the ethics committee of the Department of Cardiology of Athens Medical School.
Baseline measurements
The baseline evaluation included information about several sociodemographic characteristics (age, gender, mean annual income, years of school), personal and family history of hypertension, hypercholesterolaemia and diabetes, family history of CVD, and dietary and other lifestyle habits such as smoking status and physical activity. The assessment of nutritional habits was based on a detailed, reproducible, validated semi-quantitative FFQ (the Greek-EPIC questionnaire) (23) that was kindly provided by the Nutrition Unit of Athens Medical School. In order to describe overall diet, composite scores necessary for the evaluation of epidemiological associations were used. A modified version of the Mediterranean Diet Score (MedDietScore) was applied (range 0-55) (24) that is based on the rationale of the Mediterranean dietary pyramid (17) . Higher values of this score indicate better adherence to the Mediterranean diet. Smokers were defined as those who were smoking at least one cigarette per day during the past year or had recently stopped smoking (less than 1 year); the rest of the participants were defined as current non-smokers. For the ascertainment of physical activity status the International Physical Activity Questionnaire (IPAQ) was used (25) . The IPAQ is an index of weekly energy expenditure computed using frequency (times per week), duration (in minutes per time) and intensity of sports or other habits related to physical activity (in expended energy per time). BMI was calculated as weight (in kilograms) divided by the square of standing height (in metres). Obesity was defined as BMI greater than 29?9 kg/m 2 . Arterial blood pressure (three recordings) was measured at the end of the physical examination with the participant in sitting position. All participants had been resting for at least 30 min. Participants whose average blood pressure levels were greater than or equal to 140/90 mmHg or were under antihypertensive medication were classified as having hypertension. Hypercholesterolaemia was defined as total cholesterol level greater than 200 mg/dl or use of lipid-lowering agents. Diabetes mellitus (type 2) was defined according to the American Diabetes Association diagnostic criteria (i.e. participants whose fasting blood glucose level was greater than 125 mg/dl were classified as having diabetes). Further details about the aims and procedures of the ATTICA epidemiological study may be found elsewhere (22) .
Calculation of diet cost
Prices used in the calculation of total diet cost were obtained from two large supermarkets in Athens metropolitan area and four local fruit and vegetable street markets (held weekly in neighbourhoods). It should be mentioned that there is a small variation in prices within supermarkets or within street markets in Athens. Greek people tend to purchase a lot from these markets, especially fruit and vegetables as they are considered to be fresher and originated directly from the production.
Since prices differ among different types of fruit, red meat, pulses and seafood, we took the most characteristic types from each food group based also on food choices given in a published traditional Greek menu (15) . The types of food were obtained from the Mediterranean Food Pyramid and median values were calculated according to different markets and different types of food (Table 1 , Fig. 1 ). Seasonal variation in price was not taken into account as the calculation of diet cost took place in summer of 2009. To determine the total cost of the Mediterranean diet we first calculated the median cost per serving of that specific food type and then multiplied it by the weekly consumption frequency of servings of that food group. The serving sizes used were based on the dietary guidelines for adults in Greece (17) . Total cost of the diet was equal to the sum of all food types in h/week ( Table 2) . Five-year follow-up During 2006, the ATTICA study's investigators performed the 5-year follow-up. In order to participate in the followup examination all participants were contacted through telephone calls (80 % of the participants) or in their residence when the telephone number was unavailable. Of the 3042 initially enrolled participants, 1012 men and 1035 women were found alive at the time of the follow-up, while thirty-two (2?1 %) men and twenty-two (1?4 %) women had died during the 5-year period. The rest of the participants (i.e. 941) were lost to follow-up (69 % participation rate; Fig. 2 ). Of the individuals who did not participate in the re-examination, 75 % were not found because of missing or wrong addresses and telephone numbers, and the rest declined to be re-examined (Fig. 2) . No significant differences were observed between those who were lost to follow-up and the rest of the participants regarding sex (P 5 0?99), age (P 5 0?78), years of school (P 5 0?67), presence of hypertension (P 5 0?12), diabetes (P 5 0?27), hypercholesterolaemia (P 5 0?12) and dietary habits as evaluated by the modified MedDietScore (P 5 0?28).
Death from any cause was ascertained through death certificates from regional register offices. The study investigators performed a detailed clinical evaluation in the rest of the participants using accurate medical records that included information about: (i) the development of CHD (including myocardial infarction, angina pectoris, other identified forms of ischaemia, WHO International Classification of Diseases 10th edition (ICD-10) codes 410-414?9, 427?2 and 427?6; heart failure of different types and chronic arrhythmias, WHO ICD-10 codes 400?0-404?9, 427?0-427?5, 427.9) or development of stroke (WHO ICD-10 codes 430-438); (ii) the development of hypertension, hypercholesterolaemia and diabetes; (iii) the assessment of body weight and height; and (iv) lifestyle habits, including physical activity and smoking status, as well as consumption of various food groups and beverages.
Statistical analysis
Descriptive statistics (i.e. means and standard deviations, or frequencies) are used to present participants' characteristics. The time to a CVD event was recorded on an annual basis. Incidence rates were calculated as the ratio of the number of new cases to the number of people who participated in the follow-up. Associations between total diet cost (TDC) and main socio-economic, dietary and demographic factors were performed using Pearson's or Spearman's correlation (in the case of normally or not distributed variables) and the t test. Normality was graphically tested using P-P plots; TDC was normally distributed. The hazard ratios (HR; and their 95 % confidence intervals) of developing a CVD event during the 5-year period, according to the participants' TDC and other baseline characteristics, were estimated using Cox proportional hazards models. Interactions between TDC and diet score, as well as other covariates, were tested in all models. Deviance residuals were used to evaluate the models' goodness-of-fit. All reported P values are based on two-sided tests and compared with a significance level of 5 %. The SPSS statistical software package version 14?0 (SPSS Inc., Chicago, IL, USA) was used for all statistical calculations. . Moreover, we calculated quartiles of the TDC and compared the consumption of food groups between the highest and the lowest TDC quartile. The analysis revealed that people who spent more on their diet consumed more fish, legumes, cereals, fruits, salads and meat (all P , 0?001) compared with those in the lowest quartile.
Results
Diet cost
We also calculated the current cost of the traditional Mediterranean diet, as can be seen in Fig. 1 . The cost was calculated based on the median prices of different types of food from different places of purchase (supermarkets and local markets; see Table 1 ) and was dependent on the serving size and food groups of the Mediterranean Food Pyramid (Fig. 1) . For example, median price of vegetables was estimated from the retail price of ten different vegetables selected based on season and common consumption perception. Based on these prices the current cost of the Mediterranean diet was calculated at 31?2 h/week per person (Table 2 ). For calculation purposes the median of dairy products did not include cheese and yoghurt, as their exact contribution to total consumption cannot be estimated price-wise and in quantification. Similarly for the pulses and nuts food group where pulses are the major contributors of the group consumption, nuts were excluded and only pulses were taken into account to calculate the median. Including cheese, yoghurt and nuts would give misleading results, probably elevating median prices as they are a lot more expensive. In addition, cheese and milk were measured in different units, one being liquid and the other solid; thus the calculation of one 'common' median would be a mistake. In the final calculation of the TDC, wine and olive oil were not included: (i) wine was excluded as total alcohol consumption is obtained from the FFQ, comprising not only wine but also different types of alcohol such as beer and spirits; (ii) olive oil was excluded because in the FFQ its use is calculated as a proportion of the population and not quantified individually. At this point it should be noted that the mean diet cost of both men and women of the ATTICA study was lower than the Mediterranean diet cost (all P , 0?001).
Total diet cost and 5-year incidence of CVD To further evaluate the association between cost of diet and 5-year incidence of CVD we applied survival analysis (Table 3 ). In particular, three nested models were estimated. Regarding overall dietary habits, the MedDietScore that evaluates adherence to the traditional Mediterranean diet was inversely associated with the development of CVD (relative risk per 1-unit increase in MedDietScore 5 0?92, 95 % CI 0?89, 0?94) after adjustment for physical activity status, obesity status, smoking habits, sex, history of hypertension, hypercholesterolaemia, diabetes, CVD and diet expenses of the participants, but the relationship became insignificant when age was also included in the model. Thus, the analysis was stratified by various age groups. It was discovered that only people aged 35-65 years exhibited greater adherence to the Mediterranean diet that was inversely associated with CVD incidence (relative risk per 1-unit increase in MedDietScore 5 0?94, 95 % CI 0?90 0?97, after several adjustments), while no significant associations were observed between younger or older adults (P for homogeneity between odds ratios ,0?001).
Discussion
In the present work we studied the association between cost of diet and 5-year incidence of CVD events in a representative, free-living sample of the Greek inhabitants from the region of Attica. Overall, no significant association was found between TDC and incidence of CVD events. Moreover, while TDC was associated with health indicators such as hypercholesterolaemia, education, financial status and diet quality (expressed as MedDietScore), significant associations were found only with MedDietScore, hypercholesterolaemia, physical activity and current smokers. Nevertheless, greater adherence to the Mediterranean diet was inversely associated with CVD incidence, irrespective of TDC of the participants.
Regarding the current cost of the Mediterranean diet in Greece, it was calculated at 31?2 h/week which works out at 124?8 h/month per person. Comparing that with the Greek minimum wage of 681 h/month according to EUROSTAT published data (26) , the proportion of food cost to the minimum wage is about 18?3 %. This proportion is close to the European average of 22 % for the percentage of disposable income spent on food (27) . The difference may be due to an under-representation of cost due to the methodological limitations mentioned above. Moreover, according to the calculations, the Mediterranean diet is more expensive than the mean diet cost reported by the participants. This may suggest that it could be too expensive for at least a large proportion of the population.
In Europe food prices tend to vary among countries; specifically, price levels indicate that food is cheaper in Eastern Europe whereas it is more expensive in Western Europe, especially the Nordic countries and Ireland. Price differences across countries are distinctive as food prices in one of the most expensive countries, Norway, are about 2?9 times as high as in the least expensive, Bulgaria (28) . Therefore the cost of the Mediterranean diet would increase in Western Europe where, for example, fruit and vegetables price levels are well above the European average in most countries. In the USA, the US Department of Agriculture has created a cost-effective healthy diet that meets Recommended Dietary Allowances and the Pyramid Guidelines (29) called The Thrifty Food Plan. The diet cost in June 2009 was estimated at $39?00/week for a male person aged 19-50 years and $34?50/week for a female person of the same age (29) , which is not very far from our calculations given that the current exchange rate of Euros to US dollars is approximately 1?4.
In addition, while TDC was associated with various health indicators, significant associations were found with MedDietScore (an indicator of diet quality), hypercholesterolaemia, physical activity and current smokers. The association between TDC and MedDietScore was a positive one but not so strong in terms of effect size, meaning that a higher-quality diet would tend to cost more, which agrees with many studies regarding diet cost and quality (30) . It was also shown in our study that the diet of people with hypercholesterolaemia costs slightly but significantly less than the diet of people without this condition, which could be explained by the fact that energy-dense foods that have higher fat and lipid content (a risk factor for hypercholesterolaemia) are accessible to consumers at a lower cost than 'healthier' diets lower in energy density and rich in vegetables and fruit (30, 31) . In addition, we found that sedentary people tend to pay less for their diet than physically active people and smokers pay significantly less than non-smokers, but these results are considered inconclusive.
Nevertheless, when TDC was related to 5-year incidence of CVD events no significant association was found (Table  3 ). In the latter, the comparison was controlled for age, gender, obesity, physical activity, current smoking, hypertension, diabetes mellitus, hypercholesterolaemia and family history of CVD events. No association was found even after including financial status in the model. The lack of association between TDC and CVD may reflect the relatively weak association between diet cost and quality, which is likely to be the link between diet cost and health.
Recent findings by Drewnowski and Eichelsdoerfer (32) show that the Mediterranean diet can be a valuable tool in the management of the obesity epidemic as it exhibits nutritional characteristics that are widely acceptable in cultural and social terms. Our findings complement the above as TDC was not associated with financial status, showing that the Mediterranean diet can be adopted without taking financial parameters (e.g. income) into account, although further research is required to confirm such results. Moreover, taking into account that the cost of the Mediterranean diet is higher than the cost of the total diet, the observed insignificant association between TDC and financial status may suggest that factors other than available funds determine people's dietary choices. This may be also related to the fact that people with very low income are not well represented, and it is these people for whom the cost of a better-quality diet may be most prohibitive.
Despite the lack of association between diet cost and CVD incidence, greater adherence to the Mediterranean diet was associated with lower 5-year CVD incidence, especially among middle-aged people. A wide body of scientific evidence relates diet and incidence of CVD (33) (34) (35) . There is also increasing scientific evidence that diets high in consumption of fruits, vegetables, legumes and whole grains, which also include fish, nuts and low-fat dairy products, have protective health effects. The traditional Mediterranean diet, whose principal source of fat is olive oil, includes these dietary characteristics and there is also some evidence that it can be applicable to other dietary cultures and cuisines (36) . For the last 30 years many investigators have recognized the beneficial role of this diet on CVD, metabolic disorders and several types of cancer (37) (38) (39) (40) .
Study limitations
There are some limitations that need to be acknowledged and addressed regarding the current work. First, part of the study was based on a cross-sectional design, which limits causal inferences. A second limitation is that lowincome people were generally not well represented because data from the homeless or unemployed are difficult to obtain. Another possible limitation concerns the extent to which the findings can be generalized beyond the population studied. Moreover, some foods (cheese, yoghurt and nuts) were not included in the total cost of the Mediterranean diet because of the large price variability of these products. Finally, as seasonal variation in cost was not taken into account since the calculation of diet cost was undertaken in the summer months (when prices of fruits and vegetables are lower), the annual cost of the diet could be underestimated.
Conclusion
Our results show that diet quality, but not diet cost, is associated with 5-year incidence of CVD in a free-living, population-based sample from Greece. Moreover, the estimated actual cost of the Mediterranean diet seems to be rational for a middle-income household. This may provide policy makers with an excellent tool as it can be exploited as an efficient strategy to reduce the foodrelated disease burden.
